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(54) Measurement of hoi container wall thickness - 



(ST) a me! hod and apparatus erf measuring wall 
thickness of hollow glass articles (i 2). such as molded 
glasc containers having interior and exterior wai i surfac- 
es, includes the steps of measuring intRnsfcy of radiation 
©mined by the article at a first wavelength (at 19) at 
which intensity varies as a function of both tnmparatur© 
at Trie curtneq- and wall thickness between (he surfaces, 
ano a: a second wavelength (at 24) ht which intensity 



varies as a function of temperature an the surface sub- 
stantially independent of wall thickness boN^cn xh» 
surfaces. Since the first intensity msasuroment is a 
function of both w^l Thickness and wmpcraturo, while 
the second Intensity measurement is a function sojsfy 
of surface trcrnporaiure, waU thickness between the sur^ 
faces can determined (at 25) as a ccrpbirtPd function of 
the first and second intensity measurements. 
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Description 

[OOOii The pros am invention is directed to measure- 
ment of thickness of glass articles such as hollow gloss 
containers, and more particularly to a method **nd ap- 
paratus for measuring wail thickness of molded glass 
articles as a function of visible and/or infrared radiation 
omitted by Wis articles while they are stjjj hot from the 
forming process. 

Background and Summary of the Invention 

[0002] A numbnr of techniques have been proposed, 
involving radio frequency, cspacrtjve and optical meas- 
uring teenniqucs, for measuring wall thickness of mold- 
ed hollow glass containers alter the coniainers have 
cooled - i.o. r at tne so-cauod cold end of the manuJac 
luring process. However, it is desiraole io obtain wall 
thickness measurement as eaHy as possible in the man- 
ufacturing process, preferably at ihe so^raHed hot end 
of the manufacturing process so thar any corrective ac- 
tion that is neeoed can be implemented as quickfy a3 
possible. Thereby reducing manufacture of unsatisfac- 
tory ware, It is tnorofare desirable to provjd* a technique 
for measuring wall thickness of molded glass container* 
and other similar articles as soon as possible following 
ins molding process. 

£0003] It has heretofore been recognized that glass 
containers thai are ctijl hot from the molding process 
emit radiation in the infrared rano,©! and that this radia- 
tion can bo measured in an erton to determine container 
wall thickness characteristic*. For example. U.S. Paten I 
Noe. 2,915,638 and 3.35S £1Z propose to measure in- 
frared energy radiated from The exterior surface of hot 
containers, and to employ the r~su] ting data to inf or con- 
tainer wall thickness information. Once the containers 
have begun to eool, the thicker portion* of the containers 
win retain heat Janoer than tne thinnor portions, end the 
exterior surface temperature wDi therefore be highest at 
the thicker portions or the container Wall thickness in- 
formation can therefore be inferred from the tempera- 
ture profiles of thg containers. However, the phor art 
does not dicyclose a technique for obtaining an absolute 
measurement of container wan thickness at the hoi ond 
of the manufacturing process, and il is a general object 
of the present invention to provide such a technique. 
(0004] a method of moasurfng waU thickness of hol- 
low glass articles, such as molded glass containers hav- 
ing Interior and exterior wail surfaces, in accordance 
wrth (he present invention, include* the steps of meas- 
uring intensity of electromagnetic radiation emitted .by 
the article at a first wavelength at which' intensity varies 
as a function ot train temperature at tun surfaces and 
wall Ihiekncs3 between the surfaces, and a\ a soeond 
wavelength at which intensity varies as a f unction of sur- 
face temperature at the article surface substantially in- 
dependent of wall thickness between the surfaces. 
Since tha first intensity measurement is a function of 
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bo!n wall thickness and temperature, while the second 
intensity measurement is a function solely of tempera- 
ture, wall thickness between the surfaces can deter- 
mined as a combined function ot the first and second 
S intensity measurements. (II will be appreciated, of 
course, that the term "Wavelength" normally would en- 
compass a wavelength range because sensors are not 
responsive solely To a specific wavelength.) 
ruuDS] in some preferred embodiments ot the tnverv- 
Tien, rhe first and second intensity measurements are 
obtained from radiation emitted from one point on the 
article surface. A relationship bet wean wall thickness 
and surface temperature at this point on the article cur- 
laee is developed from these intensity measurements, 
intensity of radiation emrrred from other points on the 
article surface can then be measured at the infrared 
waveienglh at which intensity vanes solely as a function' 
of surface temperature, and wall thickness can be de- 
termined at such other points on the article surface as 
so a combined function of such intensity measurements 
and the relationship between wall thickness and surface 
temperature previously developed, 
fpoosj m some prororred embodiments of the inven- 
tion, The sensors include an area array sansor having a 
ss multiplicity of sensing elements and means for focusing 
onto such elements light energy (visible and/Or infrared) 
emitted from different points on the container surface, 
ano a second sensor responsive to energy emitted from 
a single point on iho container »ur1ace 4 An abeoiuio *. 
3o measurement of container wall Thickness is obtained 
from the output of the second sensor responsive to en- 
ergy emitted from the single surface point at the first 
wavelength, and from the output ol the ©lcmo.nl on rhe 
area army sensor fooucod on the same point and re- 
sponcrve to energy emitted at the second wavelength. 
Given this absolute measurement of wall thickness, and 
thus the relationship between wan thickness and sur- 
faco temperature at this one poim on the container sur- 
lace. wajl loieknoss at other points on the container sur- 
~*° taca can then be determined as a function of enerpv in- 
dicative at exterior surface temperature incident on the 
other elements of tho area array sensor, 
rpooTJ in other preferred embodiments at the inven- 
tion, a reflector i3 positioned between the tw infrared 
sensors and the container or other article under inspec- 
tion such that the detectors have fields ot view that are 
coincident at the surface of the container. Thus, the de- 
tectors simultaneously reeeh/e radiation from a single 
point or area at the surface of the container To develop 
so the associated signers representative of intensities at 
the first and second wavelengths. The reflector is cou- 
pled to a motor or other suitable mechanism for moving 
the reflector in cuch a way that the po incident fields of 
view of the detectors effectively sweep the ourfaee of 
56 the container, in this way, the outputs of the detectors - 
may bo scanned at increments of reflector motion to ob- 
tain comparative signal data for determining waU thick- 
ness at sequential positions along the surface of the 
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container. Most preferably, fn this embodiment of the in- 
vention, ihc reflector Is moved and the detector outputs 
are scanned at increments of container motion so as to 
ob lain xhrckness data along the en lire surface of :he con- 
tainer When inspecting containers mat arc hot from the 
molding process, the Inspection may be performed 
while the containers arc moved along the /in oar convey- 
or between the machine in which tho molding is per- 
formed and the annealing tchr by positioning an optical 
inspection system on both sides of the eonvoyor for ob- 
taining thickness data irom both sides of the container. 
[0008] The first wavelength at which intensity Is meas- 
ured ns o function of both temperatura at tho corrtainor 
surface, and wall thickness between the surfaces, is a 
wavelength at whicn the artiefe or container wall sub- 
sianiiaiiy transparent. The second wavelength at which 
intensity is m aasu red as a funcrion of Temperature at the 
surface, anG independent of wall thickness between the 
surfaces, is a wavelength at which the article or contain* 
or wall is substantially opaque. Transparency and opac- 
ity are. ol course, relative terms. The glass composition 
of a cdmainor wall is substantially transparent to onergy 
in accordance wjih the present invention when the trans- 
miss iviry & the wail is at least £%. The container wa« j s 
substantially opaqug to energy in accordance wnh the 
present invention when transmiS3ivity of Iho wall to in- 
frared energy -is less than 1%. In The preferred imple- 
mentation of the invention. or%orgy indicative of both 
glass temperature and wall thickness js in tt»e visible and 
Infrared rt*ng<>o I 0.<i to 1 .1 microns. Energy al which the 
wan Is substantially opaque, and al which intensity 
therefore varies as a function of surface temperature 
and suostanxlaJly independent of wall thickness, is pref-" 
erabiy in tho infrarod range of 4. & to s.o mrcron^ and 
most preferably at about 5.0 microns. Standard com- 
mercially available ssnsors can ba obtained having re- 
sponse characteristics within these ranges, 

BrioT DoceHptlBn of the Drawing* 

[0009] The invention, together with additional objects, 
features and advantages thereof, win be best under- 
Stood from tho fallowing description, lha appended 
claims and Ihe accompanying drawings in which: 

FIG. 1 rs a schematic diagram of a basic embodi- 
ment of the present invention, 
FIG. 2 is a schematic diagram of a modification to 
the embodiment of fig. 7; 

FIG. 3 Is a schematic diagram ot an embodiment of 
Ihe invention for measuring wan thickness around 
the entire exterior surface Of a hollow glass contain- 
er; 

FIG. 4 is a schematic diagram of an apparatus for 
measuring wall thickness of a container bottom in 
• accordance with tho present invention: 
F|G 4 5 is a schematic diagram of an apparatus for 
measuring wail thickness of a container sidewaU in 
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accordance with a further embodiment of tho inven- 
tion; 

FIG. e is a schematic diagram similar to that of FIG. 
s bur iJlust rating yet another embodiment of the in- 
vention; and 

PIGS, 7 A. 7B arid 7C are ccnemaiie diagrams that 
illustrate calibration of the embodiment of FIG. 2. 

Detailed Description of Preferred Embodiments 

tpoiqj FIG. l illustrate* an apparatus 10 lor measur- 
ing wall Thickness ol a hollow glass container 12 in ac- 
cordance with a basic embedment of the invention. Ra- 
diant energy emitted from a point 1 4 on The exterior stir* 
face of container 1 2 is directed by a lens 1 6 onto a First 
sensor 18, and by a beamsplitter 20 and a lens 22 onto 
a second sensor 24. Beamsplitter 20 may be eliminated 
if lens 22 is disposed to focus onto sensor 24 energy 
emitted from the same point. 1 4 on container 12 as emits 
energy onto sensor 16. Thai Is, both sensors 1 9, 24 re- 
ceive energy radiated 'rem substantially the same point 
1 4 on the exterior surface of container 12. Sensors IB. 
24 provide respective electrical Output Signals to an in- 
formation processor 2S. whfch drives s display 29 to pro- 
vide wall thickness information to a system operator or 
user, and which may provide a reject signal to suiTable 
means lor sorting container 12 from tho manufacturing 
process. Display information can also be used to control 
the forming process, 

moilj Sensor IS, which may include suitable fitters, 
providas its electrical output signal as a function of in- 
tensity of radiation at afirst wavelength al which the wall 
of container 12 Is subsrantisiry transparent. Thus, the 
radiairc-n at this wavelength incident on sensor i a is ra- 
diated from die volume of glass between surfaces 12a 
and 12b of container 12. as well as the volume of glass 
between surfaces 72c and 1 2d. The amount of energy 
incident on sensor i9 k and the sensor output oignsJ, is 
a function of both container glass temperature at the var- 
ious waO Surfaces and the sum of lho two (near and far) 
container wall thicknesses - Ls\. the thickness between 
surface 12a. 12b and the thickness between surfaces 
I2cand I2dl Glassy conventionalry employed for con- 
kainer manuroxturcd are substantially transparent to en- 
ergy in the wavelength rang© of 0.4 to i.i microns, and 
wavelengths in this range ana preferred for sensor 16. 
[0012] Sensor 24, which again may Include suitable 
Afters, Is responsive \o. and thus provides an output as 
a function of. energy at a second wavelength at which 
the waB of container 12 is substantially opaque. That is, 
the intensity ol energy incident on- sensor 24 varies as 
a function of temperature al the exterior surface of con- 
tainer 12 at point 14, and substantially independent of 
wall thickness between the exterior and into rior contain- 
er surfaces Glasses conventionally employed for con- 
tainer manufacture are substantially opaque to energy 
in Ihe wavelength rango ot 4.8 to 5 microns, and a wave- 
lonc/ih of substantially 5 microns Is preferred far obtain- 
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tng Ihis surface temperature measurement. Sinco the 
output of sensor IB varies as a function of both twnpor- 
ature at the container wall surface and waU thickness 
between iho surfaces, while the output oT sensor 24 var • 
ies as a function of temp oraluro sri The container exterior 
3uftac© ana substantially independent of wan ThicKnsss 
between the surfaces, information processor 26 may 
determine absolute wall thickness between surfaces 
12a and 12b, and surfaces 12c, l2d, as a combined 
function of such intensity measurement signals. 
[O01-3] FIG. 2 illustrates a modified embodiment 30 of 
the apparatus illustrated in RG. 1 . In ttiia embodiment 
sensors IB. 24 with associated lenses 16. 22 are dis- 
posed an diametrical ry opposed sides oT container 12. 
Apparatus 32, such as a pedestal, is operatively coupled 
io container 12 at inspection station 30 for rotating the* 
container about its central axis, and provide;* signals in- 
dicative erf increments of container rasjrjon to informa- 
tion processor 26 by moans of an encoder 34. Alterna- 
tively, container 12 may be rotated at constant angular 
velocity, and inccomemts of container rotation can be ob- 
tained at aquaj increments ol lime. M it important in bath 
of the embodiments of PIGS, 1 and 2 that sensors IB, 
24 view substantially tho came point 14 on the container 
exterior surfaco. in the embodiment of FtG. 2, point 14 
Is viowed by sensor 1B through the container. Any non- 
unrTormity in waif thickness may refract the view of sen- 
sor IB away from point 14. Similarly,. oin<po tho intensity 
signal at sensor tS varios as a function of two wall thfck- 
ne&sc*, rr. i» awwmrt in each embodiment that the^e 
wait thiefcnocsQC are identical. In the embodiment or FiS 
2, container 12 may be rotated about its axis and waJI 
ihicknoss measurements obtained at desired incre- 
ments of container rotation. 

[001 4] FIGS. 7 A, 7B and 7C illustrato lh*s principle, A 
sensor 24e (4.8 TO 5 microns) is disposed on each side 
of container 12, and o, sensor 1 Be (0.4 to 111 microns) 
Is positioned on the loft side only if the signals received 
from the sensors 24c are different, they are averaged, 
The signal from sensor tBe and the average signatf rom 
censors 24e are used to determine average double wan 
thickness. ThesidowaU gtacc coal* proportionally to wall 
thickness. Therefore, iha average double wall thickness 
can be converted to thickness at the I aft and right walls 
using the signals from sensors 24e at the left and right 
walls. Once a single point is calculated, the rclarionship 
That the gfass cools proportional to thickness can be 
used to determine the thickness ot glass lor all other 
points on the container using the signals from sensors 
24e (proportional to temperature only). The single point 
calibration must be at a point wne re sensor tee is known 
to look, through the left side of the container to the ngjrt 
side st the same point wn ere the right sensor 24e is, look- 
ing. FIGS. 7A and 7© illustrate correct calibration points, 
while 7C is incorrect FlGS. 7 A and T& can be distin- 
guished from FIG. 7C by using sensors 24 e and finding 
a point where the change tp signal vertically and hori- 
zontally indicates that the thickness on the left side is 



not changing. 

[0015] RG. 3 illustrates a third embodiment 40 in ac- 
cordance with the present invention for measuring wall 
thickness entirety around the exterior surface of conttain- 
5 er 12. Four area array sensors 24a, 2<ab, 24c and 24d 
are disposed in a rectangular array at BO" increments 
around the exterior crrcurnfcrence of container 1 2. Each 
area array sansor 24a, 24b. 24c, 2^d has an associated 
tens 22a. 22b, 22c 22d for focusing onto the array en- 

i0 ergy emiUed from one circumferential quadrant of con- 
tainer 12, so that arrays 24a. 24b, 24c*, 24d co|| ectjv ely 
viow the entire circumference ot the container Each ar- 
ea array sensor 24a, 24b. 24c, 24d comprises a multi- 
plicity of individual CCD sensing efements disposed in 

■*3 an Nxm rectangular area array, auer? that each of the 
sensing efements In each army receives energy radiat- 
ed from a corresponding point or email area on the con- 
tainer exterior surface. Beamsplitter 20 is diGposod so 
as to extract a portion of the energy radiated from one 

£0 specific point 1 4 on the container exterior surface, and 
to direct such energy onto censor IB. The various ele- 
ments ot area arrays 24a. 24b. 24c. 24d are responsive 
to energy at a wavelength at which the energy varies 
solely as a function of exterior surface temperature and 

25 independent of wall thtcknesa - e.g.. at the preferred 
wavelength of £ microns * while sensor 1 3 is responstve 
to energy at a wavelength such lhai the in tensity varies 
as a function of both temperature ai the various surfaces 
or container 1 2 and wall thickness between the surfaces 

Z° - e.g.. in the preferred range of 0.4 to 1 .1 microns. The 
output of sensor iB,.and tho output of the specific sensor 
element in array 24a that receives energy from contain- 
er exterior surface point 14, are employed by informa- 
tion processor 2& to obtain an absolute moasvornent 

3S ot wall thickness at point 14, and thus to devolop a re- 
lationship between wan thickness- and extorjor surface 
temperature. This temperaiure/thicknocc relationship at 
container point 14 may then.be employed in combina- 
tion with the container exterior surface temperatures de- 

*o veloped at all other points around the container circum- 
ference by the various other elements on Sensor arrays 
24a. 24b.24c,24dto determine container wall Ihsckness 
«it each of the other points viewed by tho sensor arrays. 
raoiE] FIG. A illustrates anolher modified embodi- 
es ment 50 ot the present invention for measuring thick- 
ness of the bottom 52 of contain er 12. Measurement of 
container oonom thickness can be obtained mora relia- 
bly than sjdewaji thickness because only a single wall 
thickness is involved. Area array 5 o n«0f 24a coop orate s 

*° with lens 22a for viewing the entire area of container 
bottom 52, Beamsplitter 20 directs onto Sensor 16 only 
energy emitted from a small area or point 14a on the 
container bottom. Thus, the output of sensor 18 varies 
as a function ol both surface temperature and wafl thlck- 
ness between the interior and exterior 3urfaee* caz point 
14a, 'while each olement of area array sensor 24 re- 
ceives energy at an intensity that variolas a function of 
temperature at each corresponding point or smalt area 
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on xho interior turtaco of bottom 52 and independent of 
bottom thickness. The output of sonsor 16. and the out- 
put of The element in sensor array 24o that Viowe point 
1 4a on container bottom 52. are employed to determine 
absolute wall thickness atpolnt i -*a. and thus lo develop 
a relationship between wall thickness ano surface tem- 
perature. This relationship i= employed by information 
processor 25 (FIG. 1 ) in combination with the output of 
the other elements on array sensor 2Aa Tor determining 
wafl thickness al otnor points around the container bot- 
tom. 

[0017] fig. s illustrates a system 53 in accordance 
wfth another modified embodiment of ihe invention. In 
system 53. a prism 54 having reflectrve surfaces S6, S& 
is positioned so that tho fields of view of detectors' IS, 
24 through lonsos ts. 22 are coineiaent at the adjacent 
SUtf act? of container 12. Mirrored prism 54 is mounted 
on a pivot 60 thai is coupled to a motor or other suitable 
actuator 62 for rotating mirrored prism 56 under control 
or information processor 25. As mirrored prism S6 is ro- 
tated about pivot 60, tho mirrored prism runciionc simul- 
taneously to scan both detectors over Tha surface of 
container 1 2 while maintaining coincident fields of view 
Container i z is carried by a linear conveyor 64-. such as 
is conventionally employed for convey inc. the containers 
while hot from tho forming, process from the container 
molding machine to tne annealing lehr. Linear motion of 
conveyor 64 is sensed at 32a, encoded al 3* and fed to 
information processor 26. Thuti, information processo/ 
26 may control operation of mirrored ph>m motor B2 and 
scan the outputs of detectors 13. 24 at. increments of 
coniasnQr motion along convoyor 5a oTTnctively to scan 
Ihe entire opposing surface area of the container as it 
moves. An identical eysTam 53 may be provided on the 
opposite side of conveyor 64- for scanning me surface 
area ot the container, In this way, the sniire surface area 
Of the container is scanned as it passes from th» molding 
machine lo the annealing lehr. and information proces- 
sor 25 may compile and display a complete two-dimen- 
sional map of container thicknass versus position both 
axiaffy and.circumferentialiy of tho container. More than 
two systems 53 may be employed, such as tour systems 

as in FIG- 3. 

[001 SJ c lG> 6 illustrates an embodiment 65 lh«l is sim- 
itar to that ot FIG. 5, except thai mirrored prism 54 in 
F1 G. 5 is replaced by a flat reflector or mitr^r S8 mounted 
on pivot GO controlled by motor 52. Once again, mirror 
69. which may be flat concave or of other suitable ge- 
ometry, functions to reflect the fields of view of detectors 
^B. 24 onto the adjacent curfscc of container 12 In such 
a way that the fields of view coincide ai iho container 
surface. Mirror 69 is pivoted under control of information . 
pracoccor 26 to obtain thteknooe ctaca in accordance 
with the present Invention, as previously described, 
foot 9] if (he class is .very opaque, insn the signal in 
the 0.4 to l.i micron range cannot be used to calibrate 
the 4.Q lo 5 micron signal. However, tho signal propor- 
tional to surface temperature (AS to 5.0 microns) can 



be calibrated using a different technique. The total 
amount of glass in a container is nearry constant, while 
distribution may vary. Therefore, the average wall thick- 
ness for the whole container should be constant and 
known. This could be used to calibrate trie average sig- 
nal for sensor 24 (4,e to so microns). This known aver- 
age thickness makes the single point calibration from 
sensor ie (0.4 to 1 .1 microns) unnecessary. Preferably, 
a map of surface temperature versus position is ob- 
r aincd for the entire container, and this map Is then em- 
ployed in conjunction wiiri known average wcJl thickness 
to determine actual waJJ thickness around tho container. 



75 Claims 

1. A maihod of measuring Ihfckneo© between surfacoc 
ot a hot-formed glass article (12) thai emits radia- 
tion, comprising tho steps ot 

SO 

(a) measuring (at 18) a fif3t intensity of such 
radiation al a first wavelength at which the ra- 
diation is emitted from both surfaces of the ar- 
ticle, 

2* ' (b) measuring [nt 24) a second intensity ol such 

raouation at a second wavelength it which the 
radiation is emitted substantially entirely from 
only ono surface of the articlo, and 

(c) determining (at 25) Thickness ot the article 
30 between the surfaces as a combined function 

of said first and second intensities measures in 
said sieps (a) and (p>. 

2. The method set forth in claim 1 wherein said oteps 
as (a) and (b) am carried out by: 

(d) providing first and second detection means 
(16, 24) for responding to radiation at said first 
and second wavelengths respectively, 

4* (a) positioning rertectjvo means (sa or S3) be- 

tween said detection moans and the article 
such that said detection means hav© fields of 
view that coincide ax Che article, and 
(f) moving said reflective means such that said 

45 coincident fields of view sweep the article. 

3- Tha method set forth fn claim 2 comprising the ad- 
ditional step of (g) scanning caid first and second 
detection means (iB, 2a) at increments of motion 
so at said reflective means. 

A The method sat forth in claim 3 comprising the ad- 
ditional step ot; (n) performing said steps (f ) and (g) 
ai increments of article motion wiih respect to said 
reflective means. 

5. The method set forth in any preceding, claim for 
measuring wail thickness of molded hollow glass ar- 
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ticles (12) having interior and esctcrior wall surfaces 
while the articles are hot f rom the maiding process, 
said method comprising the steps of: 

(a) measuring, fat 1 8) a first intensity of radiation 
emitted by 1he article at a first wavelength at 
which the article wall is substantially transpar- 
ent cych thai said fi rst intensity varies as a f unc- 
iian of both temperature at the article surfaces 
and waJI ihtekneea between such surfaces, 

(b) measuring (at 2*) a second intensity of ra- 
diation omitted by the article at a second wave- 
length at which the aaiclo wall is substantially 
opaque such That said 3ccond intensity varies 
as a Junction of temperature at the article sur- 
f/tics and independent of waJ) thickness be- 
tween tha surfaces, and 

(c) determining (at 2S) wall thickness between 
the article surfaces as a combined function of 
said first inten city measured in sard step (ti> and 
Said second intensity measured in said step (b). 

6. The method sat, forth In claim S comprising the ad- 
ditional steps or: 

(d) developing from said first and second inten- " 
sities measured in said Steps (a) and [t>) a re- 
lationship between wail rnicKneu** and curbco 
temperature at one point on tha articJc,, 
(g) measuring Intensity of radiation emitted 
from at least one other point on the article at 
said second wavelength, and 
(f) determining wail thickness at said at least 
one other point on tha artjcjB as a combined 
function of card intensity measured \n aaid v\*p 

(e) and said relationship developed In said step 
(d). 

7. The method ser forth In claim 3 or 6 wherein said 
first wavelength Is in ine ran go of 0. a to i.l microns. 

8. The method set forth rn claim 7 wherein said second 
wavelength is in the range of 4,8 to 5 microns. 

9. The method aet forth in claim S wherein said second 
wavelength £ substantially 5 microna. 

10. The method set forth in any preceding elaim 5-9 
wherein sard steps (a) and (b) am carried out by: 

(d) providing first and second detection moans 
(18. 24) for responding to radiation at said first 
and second waveienotns respectively, 

(e) positioning reflective mean© (5 a or 68) be- 
tween said detection means and flie article 
»uch thai said detection means have fierds of 
view that coincide at the article, and m 

(f) moving said reflective means such that said 



coincident fields of view sweep the article. 

n . The method set forth in claim io comprising the ad- 
ditional step ol (g) scanning said first and secono 
S detection means al increments of morion an said re- 

flective means. 

12. The method set forth in claim n comprising the ad- 
ditional step of: (h) performing said steps (f) and (gj 

ip at increments of article motion with respect to said 
reflect h/e means. 

13. Apparatus lor measuring wall thickness of molded 
hoHow glass articles 02) having interior and extern 
or wall surfaces (i2b, i2c and 12a, 1 2d) while the 
articles are hot from the molding process, compris- 
ing: 

means (1 6) tor disposition exterior to the article 
2° to measure a first intensity of radiation emitted 

by the wrUcio at a first wavelength ax wnich in- 
tensity varies as a function of both temperature 
at said surfaces and wall thickness between 
said surfaces. 

& means (24) for disposition exterior to tha article 

to measure a second intensity of radiation emit- 
ted by the article at a second wavelength at 
which intensity varies as a function of temper- 
ature at said surface and independent of wail 

$o thickness between said surfaces, and 

means (26) for determining wad lh«cKness be- 
tween said surfaces as a combined function of 
said first and said second intensities. 

3s 1 4. The apparatus set fonh in claim 1 a further compris- 
ing: 

means (24a, £G) for developing from said first 
and soeond intensfties a relationship between 
40 vral) thickness and surface temperature of the 

article, 

means (24b, 24c, 24d) for measuring intensi- 
ties of radiation omitted from other points on the 
• surface of the article at said second wavo- 
lenglh, and 

means (26) for determining wan thickneee at' 
said other points on the article as a combined 
function of sajd intensities emitted at such other 
points ana said relationship ben we en wall thtek- 
5c ness and surface temperature. 

15. The apparatus set forth in cteim 14 wherein both 
sate: means (24) for measuring intensities at said 
second wavelength comprlee an area array sensor 
** having a multiplicity of censing elements and 
means for focusing on said elements infrared en or- 
gy emitted from different porn la on the article sur- 
face. 
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€. Tho apparatus set forth In claim 15 comprising a 
plurah iy ot caid area array sensors (24a, 24b. 24c. 
24x3) disposed so as to vjaw different surface areas 
erf the article simultaneously. 

. Tho apparatus as set forth In claim 13 wherein said 
first wavelength is in the range of 0.4 to 1.1 microns. 

'IB. The apparatus as set forth in claim 17 wherein said 
second wavoifxigrn is In the range of a. 3 to s mi- 
crons. 

9. The apparatus as set forth in claim 1 a wherein said 
second wavelength to substantially 5 microbe, 

-°- The apparatus set forth in claim 13 rwmarcomp fil- 
ing means (S4 or SB) positioned between the article 
and said means (18. 24 or 18. 24a) to measure said 
first and second intensities 3uch that said moans to 
measure sard first and second intensities have 
fields of view that coincides! the article, and means 
(62) for moving said positioned means Such that 
aaid coincident fields et'viow sweep the article. 



n. Tho apparatus set forth in claim 20 further compris- 2s 
inerneana (26) far scanning date indicative of inten- 
sities of energy ax auch wavelengths at said means 
lo m 9 as ura said intensities, 

52. Tho apparatus set forth in claim 21 further compris- 
ing means (26) for controlling said moving means 
and said scanning means to wcap the article and 
scan said data at increments of motion of the article. 



22. A method of measuring wail thickness oJ molded ss 
hollow glass articles having a predetermined aver- 
age wall thickness, and whUe the articles are hot 
from the moldJno process, comprising the steps of; 

(a) measuring rntensity of radiation emitted by *9 
the article indicative of curiae© temperature, 

(b) determining wall Thickness OT the article as 
a combined function of intensity measured in 
*^id Step (a) and said predatarrninad average 
wajl thickness. 4s 

24. The method of claim 23 whorcin said step (a) com- 
prises developing a map of surface temperature 
versus position around the article, and wherein said 
step (o) comprises the step of determining wall go 
thickness as a combined f unction of said map and 
said average wall thickness. 
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